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ABSTRACT 
In this study, the air-side heat transfer coefficients of several types of heat exchangers used as the evaporators 
in the household freezer/refrigerators are investigated. The types considered in this work are: spine finned tube 
type(in-lined tube array), continuous flat-plate fin-tube type(staggered tube array), and discrete flat-plate fin-tube 
type(in-lined tube array). The computer programs were coded using the section-by-section method similar to the 
tube-by-tube method to calculate the heat transfer coefficients from the experimental results of the heat 
exchangers. The input data for these programs are the flow rate and inlet temperature of air, the flow rate and inlet 
temperature of brine, and the heat transfer rate obtained from the experiment. The heat transfer coefficient of each 
experiment can be found by comparing the calculated heat transfer rate with the experimental heat transfer rate 
iteratively. The heat transfer correlations for each heat exchanger were driven from the calculated heat transfer 
coefficients using the least square method, and the error between the correlations and the calculated heat transfer 
coefficients were less than 5%. The result indicates that the air-side heat transfer performance of spine finned-tube 




 A : Heat transfer area NTU : Number of transfer unit 
 Ac : Cross sectional area P : Perimeter 
 C : Heat capacity ratio Q : Heat transfer rate 
 cp : Isobaric specific heat R : Thermal resistance 
 D : Diameter T : Temperature 
 h : Heat transfer coefficient U: Overall heat transfer coefficient 
 k : Thermal conductivity V : Air velocity   
 L : Length      
 
.
m : Mass flow rate     
GREEK SYMBOLS 
 ε  : Effectiveness η  : Efficiency 
SUBSCRIPTS 
 1 : Heat exchanger # 1 app : Approaching velocity 
 2 : Heat exchanger # 2 cor : Value by correlation 
 3 : Heat exchanger # 3 exp : Experimental results 
 a : Air-side F : Fin area  
   
 i : Inlet  T : Total area  
 max : Maximum velocity t : Tube area 
 o : Outlet w : Water-side 
INTRODUCTION   
 World-widely, about 80 million sets of household freezer/refrigerators are produced every year. About 40% 
of these household freezer/refrigerators adopt indirect cooling type using finned-tube type evaporator with a fan. 
Several types of finned-tube heat exchangers are used as an evaporator, and Table 1 illustrates the usage with 
photographs. The table shows that many companies use discrete flat plate finned tube type heat exchanger with in-
lined tube array(heat exchanger #1), continuous flat plate finned tube type heat exchanger with staggered tube 
array(heat exchanger #2) or spine finned tube type heat exchanger(heat exchanger #3). Unfortunately, there exists 
only limited data about these heat exchangers, especially about on comparison of thermal performances.  
The aim of this study is to compare the air-side heat transfer coefficients of the above-mentioned three types 
of heat exchangers. Experiments were conducted to evaluate the heat transfer performance of each heat exchanger. 
The heat transfer coefficients were numerically calculated by utilizing the experimental data and analysis 
program. The program used in this study is based on section-by-section method, a similar scheme with 





Table 1. Heat exchangers used in a domestic freezer/refrigerator 
 
Heat exchanger 






















3 Spine finned Tube  - GE 
 
 
Table 2 Geometric parameters of the test heat exchangers 
 
Heat exchanger No. 1 2 3 
Fin type Discrete  flat plate 
Continuous 
flat plate Spine 
Tube array In-lined Staggered In-lined 
Number of tube rows 7 10 5 
Number of tube steps 2 ←  ←  
Tube outer diameter(Do) 8.5mm 7.9mm 9.4mm 
Width 258 320 300 




Height 210 190 153 
Tube 0.0965 0.159 0.0881 




Total 0.793 1.05 0.566 
EXPERIMENT 
Experimental set-up and procedure 
The detailed specifications of the test heat exchangers illustrated in Table 1 are shown in Table 2. The 
schematic diagram of the experimental set-up is shown in Fig. 1. This apparatus is constructed as an open wind 
tunnel. The air flow rates were controlled by a centrifugal fan with inverter and measured by the nozzle and the 
differential manometer with uncertainty of ±1.5%FS. The inlet and outlet temperature of the air across the sample 
heat exchanger were measured by 5 resistance temperature detectors (RTD), respectively. The uncertainty of these 
RTDs are ±0.05℃. The air mixer was provided for accurate measurement of the outlet air temperature at the end 
of the test section. The inlet air temperatures were varied from 22℃ to 28℃. The mass flow rate of brine 
(ethylene glycol 100%) contained in a reservoir was controlled by a gear pump with inverter and maintained about 
50kg/h through all the tests. The inlet temperatures of the brine are maintained at 35℃ or 40℃. The test section 
was made of 30mm thick acrylic plates and the 80mm thick thermal insulators (styrene form) were attached on the 
plates. 
The heat transfer rate of the test heat exchanger is taken as an arithmetic average of the air-side and water-
side heat transfer rates, namely; 
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Fig. 1 Schematic diagram of experimental apparatus 
 
In the experiments, the water temperatures were higher than the air temperature to avoid water condensing. 
Data Analysis with computer program 
In this study, the computer program based on the section-by-section method was used to calculate the air-side 
heat transfer coefficient from the test results. The test condition and result and the geometry of the test heat 
exchanger are the input data of the program. The air-side heat transfer coefficient is the output data of this 
program.  
The section-by-section method is similar to the tube-by-tube method of Domanski [1]. In the tube-by-tube 
method, each tube with associated fins is treated as a small heat exchanger. While in the section-by-section 
method, each tube is divided into several sections and these sections have their own identity. The ε -NTU relation 






























= .           (5) 
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Test Heat Exchanger 
 
 




Air inlet Air outlet 
Flow meter 
Air mixer 
RTDs for air  
outlet temperature 
wh  is water side heat transfer coefficient and calculated using the Dittus-Boelter’s correlation, wA  is the water 
side heat transfer area. tR , sη , ah  and TA  are the thermal resistance of the tube wall, the surface efficiency of 
the air-side heat transfer area, the air-side heat transfer coefficient and the air-side heat transfer area respectively. 




AA ηη +=           (7) 

































R eqeq ln35.011φ         (10) 
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Phm =           (14) 
and, L is the length of the spine fin. P  and cA  in equation (14) are perimeter and cross sectional area of the 
spine fin respectively.  
Data reduction 
The procedure to calculate the air-side heat transfer coefficient is as follows; 
1) Input the test condition and heat transfer rate to the computer program. 
2) Assume an air-side heat transfer coefficient  
3) Perform the thermal performance analysis with the input data and assumed air-side heat transfer 
coefficient. 


















hhQQhh         (15) 
5) Repeat 3) and 4) until the error between the calculated heat transfer rate and measured value satisfies the 
convergence criterion. 
The study on the effect of fin spacing of flat plate finned-tube heat exchanger to the heat transfer coefficients 
was performed by Rich [3]. By his study, the heat transfer coefficients are not a function of the fin spacing, and 
the average heat transfer coefficient is a function of Reynolds number. In the calculation, the authors assumed that 
the air-side heat transfer coefficient is not a function of the fin spacing. 
 
RESULTS AND DISCUSSION 
Fig. 2 shows the variation of air-side heat transfer coefficients with respect to approaching air velocity. The 
heat transfer coefficient of the heat exchanger #2 and that of the heat exchanger #3 show similar values each 
other, while these heat exchangers record 14% and 15% higher value than the heat exchanger #1. The authors 
observed that the air-side pressure drop of the heat exchanger #2 showed about 260% of that of the heat exchanger 
#1, and the heat exchanger #1 showed about 150% of the heat exchanger #3 at the same approaching air velocity. 
This result implies that the heat exchanger #3 has the higher air-side performance than the others at a same air 
flow rate at a dry condition.  
On the other hand, the heat exchanger #1 shows higher Nusselt number than the heat exchanger #2 at a same 
ReD, as shown in Fig. 3. This figure shows the variation of air-side Nusselt number with respect to Reynolds 










ρ max,Re =           (17) 








=            (18) 
The heat exchanger #3 shows the highest Nusselt number among these three heat exchangers. 
In figures 2 and 3, one can know that the spine finned tube heat exchanger always shows higher air-side 
performance than the others in the dry condition. This is because the airflow length over the fin is too short for the 
thermal boundary layer to grow enough. 
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Fig. 2 The variation of heat transfer coefficients with approaching air velocity 
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Fig. 3 The variation of the air-side heat transfer coefficient with Reynolds number. 
 
The correlations between the air-side heat transfer coefficients of these heat exchangers and Reynolds 
number as follow; 
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Fig. 4 Comparison of Nusselt numbers between correlations and experimental data. 
The comparison of the heat transfer correlations, Eqs. (19), (20), and (21) developed in this study, with 
experimental data is show in Fig. 4.  The proposed heat transfer correlations can describe 95% of the heat transfer 
coefficients within ±5%. 
CONCLUSIONS 
The air-side heat transfer performance of the three types of heat exchanger used as evaporators in household 
freezer/refrigerators are investigated. The spine finned tube heat exchanger has the best air-side heat transfer 
performance at a dry condition among the heat exchangers considered in this study. The air-side heat transfer 
correlations for these three types of finned tube heat exchangers are proposed and these correlations can describe 
95% of the experimental data within ±5%.  
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